ABSTRACT. A survey of Theileria parasite infection in cattle in Cambodia and Vietnam was carried out by using allele-specific polymerase chain reaction. A total of 137 blood samples from draught animals in Cambodia and 40 blood samples from dairy cattle in Vietnam were analyzed. In Cambodia, 69 out of 137(50.4%) samples were PCR-positive containing mainly the Thai and the C type parasites. In Vietnam, 11(27.5%) samples were positive and all were of the Thai type parasite.
Theileria orientalis is a cosmopolitan parasite reported in Southeast and East Asia, Australia, Africa, North America, and Europe [1, 2, 4, 7, 9, 16] . This species had been referred to as "T. sergenti" or "T. buffeli", but Kawazu et al. proposed that T. orientalis is the valid name for this species [6] . Although this parasite is generally regarded as a non-or low pathogenic Theileria species that infects cattle and water buffalo and persists in the mammalian hosts with no or mild clinical symptoms, severe cases of anaemia due to intraerythrocytic infection of piroplasms have been reported only in limited area of Asia including Japan and Korea [12] . The major piroplasm surface protein (MPSP) is a conserved protein which is abundantly expressed in the intraerythrocytic stage of all Theileria parasites, including T. orientalis, T. mutans, T. annulata and T. parva. The molecular weight of MPSP is in the range of 30-34 kDa [5, 13] .
We have developed allele-specific PCR using primers to differentiate parasite populations [10] . By using this method, the distribution of T. orientalis parasites within isolates in Japan was tested, and found that the major populations of parasites distributed were Chitose (C) and Ikeda (I) type parasites, and many cattle showed mixed infection of the C and I type parasites [10] [11] [12] 17] . For further analysis of parasite populations, field isolates were collected from Asian countries (Korea, China, Taiwan and Thailand) and others (Australia and Italy). This analysis showed that the I type parasites were commonly found in Korean isolates [3, 7, 8, 10] but not in Taiwan [18] , Thailand [14, 15] , Australia [9] and Italy [16] . In the present study, we characterized field-collected isolates of Theileria in cattle from Cambodia and Vietnam using allele-specific PCR in order to obtain further epidemiological information of T. orientalis in Southeast Asia.
In Cambodia, parasite DNA was extracted from 137 blood samples collected from draught cattle in two different provinces using the SepaGene kit (Sanko Junyaku Co. Japan). Blood samples obtained from 40 dairy cattle in suburbs area of Ho Chi Minh City of Vietnam (Fig 1) were blotted on filter papers (0.1 ml/spot), fixed with methanol, and brought to Japan. The air-dried filter papers were boiled at 100°C for 10 min, and DNA was extracted using the SepaGene kit.
PCR primer sets used in this study were listed in Table 1 . The first set comprising Ts-U and Ts-R was used to amplify the gene encoding MPSP p32-34 of T. orientalis [10] . A combination of Ts-U and Thai 3'-510 primers was used for the amplification of the MPSP gene of the Thai type parasites which was not amplified by the combination of the Ts-U and Ts-R primers [4] . The other three sets of primers were used in allele-specific PCR to differentiate parasite populations within the T. orientalis group. The three different sense primers, Ts-I, Ts-C or Tb-B, and Ts-R were used to amplify the MPSP genes of the I, C and Warwick (B) stocks of T. orientalis, respectively [10, 11] . PCR amplification was performed in a 10 µl reaction mixture containing 10 mM Tris-HCl, (pH 9.0), 50 mM KCl; 1.5 mM MgCl 2 ; 150 µM each of the four dNTPs; 0.5 µM each of the oligonucleotide primers; 2.5 units of Taq DNA polymerase (Perkin-Elmer, Norwalk, Conn.). For each reaction mixture 10-100 ng of DNA template was added, and PCR was carried out in an automatic DNA thermal cycler (Perkin-Elmer) for 35 cycles. Each cycle consisted of denaturation for 1 min at 94°C, annealing for 1 min at 55°C and extension for 1 min at 72°C, with an additional 4 min at 72°C at the last cycle. PCR products were subjected to electrophoresis on 1.5 % agarose gels, and visualized with image analyzer.
In Cambodian cattle, Theileria were detected in 43(76.8%) blood samples from the Kompong Speu Province, and in 26(32.1%) samples from the Ratanakiri Prov-ince. Based on their amplified products, the positive blood samples were of 3 different groups ( Table 2) . Group 1 consisted of 33 isolates amplified by the Thai 3'-510 primer, group 2 amplified by the C type specific primer, and 31 isolates for group 3 demonstrating a mixed infection with the Thai and C or B type parasites. In Vietnam, Theileria were detected in 11(27.5%) blood samples, and were amplified only by the Thai 3'-510 primer. I type parasites were not detected in the blood samples from Cambodia and Vietnam.
The distribution of the C, B, and Thai type parasites within field isolates in Cambodia was likewise determined (Table 3) . In Kompong Speu, 41, 9 and 24 isolates had the Thai type, B type, and the C type MPSP, respectively. In the Ratanakiri Province, 23 isolates showed the Thai type MPSP, and two, and 12 each isolates of the B type and the C type, respectively. These results show that the Theileria parasites in Cambodian cattle are predominantly of the Thai type.
To date, there are no reports on the relationship between the allelic forms and virulence of T. orientalis parasites. There is, however, some suggestive evidence that the I type is more pathogenic than C and B type parasites. In Korea, all Theileria isolates contained the I type pathogenic than the C and the B type parasites and infected cattle manifest severe clinical symptoms [3, 8] , whereas the non-pathogenic C type is documented in Taiwan [18] and Italy [16] . In Thailand, where the Thai and C types exist, theileriosis has never been reported [15] . On the basis of these epidemiological studies, C type parasite is considered to be an universal and apathogenic type. In contrast, distribution of I type may be limited in the countries where clinical cases of theileriosis often occurs. The relationship between the allelic forms and virulence of benign Theileria parasites is now under investigation in our laboratory. Thai type may be only distributed in Southeast Asia. Since distribution of vector ticks is one of factors which determine the distribution of Theileria parasites, identification of vector tick species for T. orientalis (Thai type stock) is now underway. 
